The paper presents a technical solution which provides energy saving at full speed, as well as duplication of screw propeller and main propulsion system incase it's out of order. The description of the corresponding device, designed for transport refrigerator ship, is shown as well as its location on board. Value of energy saving from the use of contra propeller is estimated. The results of the assessment required power to move the ship at low speed by the action of the contra propeller operating in the reactive mode are demonstrated. It is shown, that the ship equipped with the proposed device will get the additional class notation related to the redundancy or duplication of the propulsion system of Russian Maritime Register of Shipping.
Introduction


The necessity to duplicate the components of propulsive complexes is extremely important for safety of navigation of the world civil fleet and it is supported by the fact that leading classification societies have entered appropriate signs into their class notations [1] . The Russian Maritime Register of Shipping has entered into class notation a number of signs that specify the rate of propulsive system components back up. The world classification societies have set up the following requirements with regard to the minimal emergency speed running and environmental conditions ( Table 1) .
The comparative analyses of the classification societies' requirements related to the redundancy or duplication of the propulsion system showed that there is no common approach to the issue (see Table 1 ).
Besides, the LR и GL require to provide the damaged ship maneuverability as well.
The ship's propulsion system casualty results in the loss of speed and, consequently, may cause the ship's wreck due to stability loss, grounding or stranding during a storm conditions. Prevention of such casualties is extremely important for ships sailing in the most vulnerable sea areas. The following safe return-to-port or "Take Me Home" propulsion solutions for the single-engine main propulsion plant exist and are based on the use of:
 autonomously driven retractable azimuthing thruster [2] ;  propulsive unit that combines conventional screw propeller and autonomously driven azimuthing thruster behind it [3] or active rudder;
 new generation multi-purpose shaft generator plants that can operate in a propeller motor mode, or ancillary electric propulsion motors (Power Take In/Power Take of application) [4, 5] ;
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 autonomously driven contra propeller [6, 7] , as part of the alternative propulsion system.
Currently ship owners are interested to buy vessels equipped with such propulsion plants that can easily provide back up of their components and in case of the main engine breakdown keep ship on its way, even though this technical solution does not add a symbol to the ship's class notation [4] .
The most suitable solution from the point of equipment lay-out and service onboard sea-going vessels might be represented by an option foreseeing alternative propulsion plant equipped with a dual-mode contra propeller.
As an example, consider a transport refrigerator conceptual design (TR-1500). The principal dimensions and hydrostatic particulars are given in Table 2 .
Description of the Alternative Propulsion System Equipped with Duel-Mode Contra Propeller
The alternative propulsion plant consists of two main components: autonomous engine and PSU (propulsive-and-steering unit) with dual-mode contra propeller.
The autonomous engine is installed in the after end of ship and power is transmitted to the dual-mode contra propeller by means of a vertical shaft located inside the semi spade rudder support horn (Fig. 1) .
The dual mode contra propeller forms a constituent part of MTBP (multi-functional two-stage blade propulsor). The contra propeller (MTBP stern stage) is located behind the screw propeller (MTBP front stage) and is, actually, a steering thruster controllable pitch of Russian production) steering engine to be installed onboard the transport refrigerator. (Fig. 1) . The steering engine and autonomous diesel engine must be located at different height levels and not be installed on the same deck. The PSU should be mounted into the lower part of the semi spade rudder support horn on its frontal surface specially designed for this purpose. This method of PSU installation (Fig. 1) makes its assembling and disassembling quick and easy, provides an opportunity to modularize the PSU, autonomous engine and a slew drive which is built into the PSU body. Besides, in case the rudderstock and support horn have suitable design it is possible to replace broken down PSU without docking the ship.
The following geometrical parameters were accepted for the dual-mode contra propeller:
The installation of the PSU with dual-mode contra propeller in the ship's aft end does not lead to any changes in the after peak construction compared to its conventional design (Fig. 1) . However the semi spade rudder support horn design might require certain changes (linear dimensions unaffected) as power from the autonomous engine is transmitted to the contra propeller via this support horn.
The Estimation of Energy Saving at Full Speed and of Required Power at Slow Speed as Affected by the Dual-Mode Contra Propeller
The calculation of ship propulsion was performed according to the program developed by the Blagonravov Institute for Machine Science of the Russian Academy of Sciences (IMASH RAN) [8] (Fig. 3) . The estimation of the dual-mode contra propeller as an energy-saving device (see Fig. 2а ) showed that its use at speed V s = 14.5 knots resulted in reducing the required power by 196 kW (from 3,074 down to 2,878 kW), i.е. by ≈ 6.5%. The energy saving estimation at full speed was performed using the data collected during comparative model self-propelled tests of vessels with conventional propulsion system and contra propeller-equipped propulsor [9] . Table 3 contains the results of power P s required to run the transport refrigerator at slow speed affected by screw propeller or the contra propeller in reactive mode of operation (see Fig. 2с , Centre. Table 3 shows that a vessel having the alternative propulsion system with the 375 kW engine is able to develop slow speed of not less than 6 knots under the affect of the contra propeller.
Conclusions
The performed study of the after end lay-out of the transport refrigerator used as an example of sea-going vessel proved the compatibility of the alternative propulsion system equipped with a dual-mode contra propeller and a steering engine. The autonomous 375 kW engine is able to provide the emergency slow speed of not less than 6 knots and, consequently, the vessel will get additional RP-1A symbol to be included into its Russian Shipping Register class notation [10] related to the redundancy or duplication of the propulsion system.
The use of the alternative propulsion system equipped with a dual-mode contra propeller will help to save more than 6% of energy at full speed mode of operation.
The performed design studies show that the use of the dual-mode contra propeller as screw propeller of the steering thruster at slow speed modes and mooring operations avoid the necessity for a conventional stern thruster installation onboard.
